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IWIND 'fUNNEL TESTS 07 AN 0.01?-SCALE SPACE SHUTTLE
INTEGRATED VEIIICLE -ZA CONFIGURATION (MODEL I4-OTS) IN THE
NASA AMES 8 X 7-FOOT UNITARY WIND TUNNEL (IAI2C)
By
R. B. Hardin and R. R. Burrows
Rockwell International Space Division
ABSTRACT
This report contains information concerning a wind tunnel test of the
O.019-scale Space Shuttle Integrated Vehicle in the Ames 8 x 7-foot Uni-
tary Wind Tunnel. The test started ii July 1973 for a total of 133 runs
and 165 charge hours. The test identification number is IAI2C.
The purpose of the tesu was to determine the effects of cold Jet gas
plumes on (i) the integrated vehicle longitudinal and lateral-directional
force data, (2) exposed wing hinge moment, (3) wing pressure distributions,
(h) orbiter MPS external pressi_e distributions, and (5) model base
pressures. An investigation was uL,dertaken to determine the similarity
between solid and gaseous plumes; fluorescent oil flow visualization
studies were also conducted.
This report is published in three volumes. Volume I contains plotted
force data and tabulated listings of the force and nozzle pressure data.
Volume II contains plotted wing pressure data while Volume III contains
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i NOMENCLATURE (Continued)
ADDITIONS TO STAI_DARD NO_._NCLATURE
Symbol Descriptio n
AbACPS Attitude control propulsion system base area,
ft2 (total for two)
AbEOHT External tank total base area (cavity plus
model base), ft2
AboM S Base area of orbital maneuvering system (minus
projected area of OMS nozzle), ft2 (total for two)
AboMs N Nozzle exit area of OMS, ft2 (total for two)
AboR B To_al orbiter base area (minus projected exit
area of MPS nozzles), ft2
AbSRM SRM shroud base area (minus pro_ected nozzle
exit area)_ (total for two), ft_
ACEOH T External tank cavity area, ft2
ACORB Orbiter cavity area, ft2
ACsRM SRM cavity area, ft2 (total for twO)
ANoRB Total exit area of (3) orbiter MPS nozzles,
ft2
ANSRM Total exit area of (2) SRM nozzles, ft2
'+
a Distance from N1 gage to _P (positive forward
of MRP), inches
bw orbiter exposed wing panel seml-span (distance
from exposed root chord to tip chord.), inches
Ce Elevon M.A.C length, inches
c'-r Rudder M.A.C. length, inches
J
CABAL Balance chord force coefficient (uncorrected).
CAbAcPS Attitude control manuevering system basechord force coefficient
External tank base chord force coefficient
CAbEoHT (based on AbEOH T)
CAbEo_T External tank base chord force coefficient
(based on ACEOUT)







Orbital manuevering system nozzle base chord
CAboMsN force coefficient
CAboRB Orbiter base chord force coefficient (based
on AbORB)#t
CAboRB Orbiter base chord force coefficient (based
on ACoRB.)
CAbsRN SRM base chord force coefficient (based on
AbSp_M)
*t
CABsR M SRM base chord force coefflc£ent (based on
ACsR_)
CACEoHT External tank cavity chord force coefficient(corrected to base pressure)
#t
CACEotlT External tank cavity chord force coefficient
(based on ACEOIIT and EOIIT cavitv pressures)
Orbiter cavity chord force coefficient
CACoRB (corrected to base pressure)
#t
CACoRB Orbiter cavity chord force coefficient (based
on ACoRB and orbiter cavity pressures)
CACsRM SRM cavity chord force coefficient(corrected to base pressure)
CACsR M SRM cavity chord force coefficient (based on
ACsRN and SRP cavity pressures)
CANoRI_ Orbiter nozzle chord force coefficient
CANsRM SRM nozzle chord force coefficient
CAf Ascent vehicle forebody chord force coefficient
CAT Ascent vehicle total chord force coefficient
CB& Ascent vehicle rolling moment coefficient
CBW Wing bending moment coefficient about exposed
root chord





S__b oI S_bol Des crip t ion
CHW CH r Rudder hinge moment coefficient
CBW CHW Wing torsional moment coefficient
Cmf Ascent vehicle forebody pitching coefficient
Cmt Ascent vehicle total pitching moment coefficient
CmBAL Balance pitching moment coefficient
CN Ascent vehicle normal force coefficient
CNW CNW Normal force coefficient on one exposed wing
panel
Cp( ) Wing, base, cavity, and upper MPS nozzle
pressure coefficient
Cy Ascent vehicle side force coefficient
CYn Ascent vehicle yawing moment coefficient
i
CW Mean aerodynamic chord of exposed wing panel
(based on SW), inches
d Distance from N 2 gage to MRP (positive forward
of MRP) inches
• Distance from _fRP to balance centerline
(positive above MRP)
f Distance from I_RP to Y1 gage (positive forward
of _P)
Gimbal pitch angle of nozzle from null position
Gpf ) (denoted by subscript), degrees
Gy( ) Cimbal yaw angle of nozzle from null position
(denoted by subscrlpt), degrees
g Distance from _P to Y2 gage (positive forward
of MRP), inches
i Incidence angle of orbiter reference plane
with respect to EOHT reference plane 0 degrees
Ke( ) Elevon hinge moment gage calibration factor
(subscript denotes inboard or outboard)
In.-Ib/cts





ii NOM_'_CLATURE (Co_ti z_,_ed)
Symbol Description
Kr Rudder hinge moment gage calibration factor,
in.-Ibs/cts
Kij Wing gage calibration factor, in.-lb/ct where
i = gage number and J = order of K in the second
degree calibration curve fit
gREF Longitudinal reference length, inches
ml,2, 3 Wing strain gage output (uncorrected for
interactions) in.-ibs; where i is the inboard
bending gage, 2 is tile outboard bending gage,
and 3 is the torsion gage.
MI,2, 3 Wing strain gage output which has been cor-
rected for interactions, in.-ibs; where i
is the inboard bending gage, 2 is the outboard
bending gage, and 3 is the torsion gage.
Mo Tunnel freestream math number.
!
ml,2, 3 Wing strain gage output, raw data counts,
where 1 is the inboard bending gage, 2 is the
outboard bending gage, and 3 is the torsion
gage.
!
_( ) Elevon hinge moment gage output, raw data
counts where subscript denotes inboard or
outboard panel.
!
mr Rudder hinge moment gage output, raw data
Counts,
Moment reference point in X,Y,Z coordinates,
_fl_P(x,Y,Z) inches
N1 Forward normal force gage output, pounds
N2 Aft normal force gage output, pounds
Bid Normal force on e_posed wing panel, pounds.





Nozzle exit static pressure (denoted by a :iPc( ) sublcrlpt), psi
P( ) Model pressure, psfa 1
Po Tunnel static pressure, psfa i'!
PT Tunnel total pressure, psfa
q Tunnel freestream dynamic pressure, psf
" i
RPc( Ratio of plenum total pressure to PT, denoted) by a subscript i
Ratio of nozzle exit static pressure to PT,
RPe( ) denoted by a subscript
RN Tunnel reynolds number, per foot
Se Elevon area (total one side) ft2
Sr Rudder area, ft2
Sw Area of one exposed wing panel (includes glove
area) , ft 2
SREF Reference area, ft 2
TO Tunnel freestream static temperature, °R
TT Tunnel total temperature, "R
Model pressure weighting factor, either
WFi 0 or I




1 ' _ Descrlptign
i XCP Model station for center of pressure (XT),
i inches
L
i XCPw Model station of exposed wins panel center
of pressure location (XT), inches
Xo Orbiter longitudinal station, inches
XHL Orbiter station of exposed wing torsional
axis, inches
XT EOHT longitudinal statlon, inches
YW Spanwise distance from the exposed wing root
chord to the m2 gage (positive when m2 gage
Is outboard of reference station), model scale
inches
¥o Orbiter spanwlse station, inches
Orbiter spanwise station of exposed wing root
YROOT chord, inches
YT EOHT spanwlse station, inches
¥CPN Orbiter spanwlse station of exposed wing panel
center of pressure location, inches
ZbAcP S Vertical distance from centroid of ACPS base
area to MRP (positive above MRP). inches
ZbEoHT Vertical distance from centrold of EOHT base
area to MRP (positive above _P), inches
ZboHs Vertical distance from centrold of OMS basearea to _P (positive above _IRF). inches
ZboMs N Vertlcal distance from centrold of OFIS nozzlebase area to NRP (positive above MRP), inches
ZboRB Vertlcal distance from cet_troi_ of ORB base
area to MRP (positive above _P), inches
ZbsR_I Vertlcal distance from centrold of gR_'base





ZCEoHT Vertical distance from centroid of EOHT cavity
area to MRP (positive above _P), inches
ZC_ Vertical distance from centrold of orbiter
cavity area to _P (positive above }_J_P),
inches
ZCsRM Vertical distance from centroid of SRM cavity
area to MRP (positive above _P), inches
ZNoRB Vertical distance from centroid of orbiter
nozzle exit area to .MRP (positive above _RP),
inches
ZNsp_ Vertical distance from centroid of SRM nozzle
exit area to MRP (positive above _P), inches
6 r Rudder deflection, degrees
/_ml_ _m3_ First order interact ion for wing bending and
_-_2/ ''" torsion gages. (I)denotes first order term
( ) \_ml1( ) in a 2nd degree curve fit, (2) denotes second
order term in a 2nd degree curve fit
a,_ Ascent vehicle angle of attack and side sllp
respectively, degrees
]6





ACPS attitude ce-trol propulsion system
e elevon




ODLS orbital maneuvering system








2 Left HPS nozzle
3 Right MPS nozzle
4 Left SRH nozzle
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NOMENCLATURE (Concluded)
S__ymbol Description
OPR Ratio of orbiter chamber pressure (Pc) to freestream
total pressure
SRMPR Ratio of SRM nozzle exit pressure (Pe) to freestream
total pressure
MPSRA Orbiter MPS nozzle rotation angle (same as en), deg.
POWER ON: indicates gaseous plumes are being generated
OFF: indicates gaseous plumes are not being generated
X/D Ratio of the distance forward of the nozzle exit to the
internal diameter of the nozzle exit
RUDDER Rudder deflection, deg.
Radial angle on MPS nozzles with ¢ = 0° on top, ¢ = 90° on
the right side, ¢ = 180° on bottom, and ¢ = 270° on left
side, looking forward, deg.
en Rotation angle of MPS nozzles in ball sockets (clockwise
rotation as lookiz_g forward is positive), deg.
GIMBAL GIMEAL = 1.0 (GPI = GYI = 0°, GY2 = -3.5°, GY3 = +3.5°)
GIMBAL = ?.0 (GPI = +ll°, GY1 = GY2 = GY3 _ -9°)
GIMBAL = 3.0 (GPI = GP2 = GP3 = +ii°, GY2 = -3.5°,
GY3 = +3.5°, GPh = GP5 = +7.0°)
GIMBAL = h.0 (GPI = -ii°, GP? : GP3 = -8°, GY2 = -3.5°,





The model tested was at,0.019-scale representation of the NASA/
Rockwell configuration of the integrated space shuttle vehicle. The model
i
had the capability of cold Jet simulation of the Jet plumes generated from
the SRM and MPS nozzles, i
The -2A configuration orbiter was rigidly attached to the EOHT at 0°
incidence with respect to the EOHT centerline. The orbiter MPS nozzles i
were attached to the non-metric air supply system. Each nozzle could be
gimbaled +_ll° pitch and +_9° yaw.
The orbiter righthand wing panel was instrumented with h0 static
pressure taps and the lefthand wing was instrumented with a single flexure
three-component moment balance. The elevon panels of the lefthand wing
panel were each instrumented with a single-component moment balance.
The vertical tail rudder had the capability of being deflected +_10°.
The rudder panel was instrumented with a single-component moment balance.
The -h configuration EOHT was mounted on a 2.5-inch sting mounted
internal balance.
Both -2A and -h configuration SRM's were available for testing. Each
SRM was rigidly attached to the EOHT with the SRM centerline on %'ater
plane _r = 0.0 in. and butt plane YT = 2h3 in. full scale. In addition
to the baseline position the SRM's could be shifted forward 71 in. full
scale. The SRM nozzles were attached to the non-metric air supply system
and could be gimbaled +7° in pitch and +_7° in yaw.
19
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Solid p]_mle:;were Fabricated for the three orbiter nozzles and thet
two SRM nozzles with the contours simulating the Mach 3.5 gaseous pl,_..e
shape.
The orbiter had three MPS nozzles whose individual gimbal points each
define [.he origin _,t"three separate reference _ystems. These reference
'._yste,,:_are _.;hownin !'igure I_(c). Positive indications of gimbal pitch
_lad gimbal yaw are shown.
Figure 1 (f) is an enlarged v_ew of one of these reference systems.
All three planes shown are at right angles to one another. The dashed
lines are projections of the nozzle centerline onto the pitch and yaw
• planes of the reference system. (s) is the angle of pitch, either up or
i down_ (_) _s the _un_le of yaw, either right or left.
1
Erich nozzle i-; physically set to a gimbal angle of pitch and/or yaw
by an appar_dus which Inea:;ures (_), :_om,:radial direction in the base
pl_*e trod (¥), [_L,'tmgl,: Fr,,m Lhat r':_dialto the nozzle centerl[ne. The
¢ sector is deteI_rdrwd by (_) and (_):
;),_()O tt_ -{(;_]t) O O I,O +900 O O to +900
180° to "'70" tl'_ I....90 ° 0° to +90 °
90 ° t,(_ I I:{()° ()o t,(_-90 ° 0 ° to-90 °
0 ° t._) 90 ° 0 ° to +90° 0 ° to -90 °
All t,.st [,rogruln_ For thi:_ m(_del u:_e the symbol Gp, t¢_ dew. re tLe
tilI_;le that th,' et,nterli[le _,I" th,' n<,zzle i:; ;,[t('iled (up or _j_,Wll}, ,_L"
]9750]3278-024
Gy, as the angle that the centerline of the nozzle is yawed (right or
left). Up and left are both in the positive direction when looking fo_._ard,
Since all angles are defined from the nozzle null position, the
relationships are as follows:
(i) Gp = s - Snull
(2) Gy = _- _null
where anul! is the angle that the nozzle centerline is pitched froL
the reference system axis to ,lull positioll, and _null is the angle that
the nozzle centcrline is yawed from the reference system axis to null
position (figure l[f]).
The <'null and '#null ,u'e specified for each 55_S nozzle in the dimen-
sional data for [49 and [Ii0' it should be m_ted here, that 8 side view
of the orbiter shows that the nozzle base plate is rotated 13° from
vertical (figure [[e]). Therefore, the three independent nozzle reference
systems f,Jr nozzle pitch differ from the orbiter's Xo, Y0' ZO reference
system by a 13° rotation eu:gle from vertie_l.
The following equations were used to convert nozzle gimbal angles,
_uld _, to ¢ a_id y, the two a_Igles thtd. the fixture uses to duplicate
the given _mgles:
(1) tan_ -- tana
siy_ _ + cps,_
(2) t.z, y = t_ a - tan
21
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Also, 0 = 90° - Y for the following fixture settings:
i TOP NOZZLE: I,'I_'UBE SETTINGAEI_O SETTING ¢ 0
0o +3 °
Null & Firing (;y = G? = 0
Gp = +Li O° +i}$°
180 ° 8°
Gp = -1]
Gy = +9 288o 9"5o
Gy = -O 71'7° 9'5°
Gb = +!i, '_y -9 _2'5_ 16"5°
BOZ'fOM Ljif'i'h_)ZZLb::
Firing (i_3.5) dy = -3.5 180° 30
C,_,= +Ii 336.5 ° 8.7 °
OF = -ii 193"6° 14'4°
Gy = +9 256.7 ° 12.8 °
I;y = -9 ° I18.3 _ 6.2 °
Gp = +ii, Gy = -9 _I_.l_2° 9.7 °
Null Gp = 0 = ;y ?29"4° 4"6°
......."....... 1975013278-02
iN ' ';"._I"I'OM RIGIIT OZZI_.:
AERO SE'I'I'ING FIX'TheE F:E'ITIIiG
Firing (L3.5) Gy = 43.5 180 ° 3°
OF : +11 23.5 ° 8.7 °
Gp = -lJ ]66.2 ° II_.4°
Gy = +9 21_1.8° 6.2 °
Gy = -9 103.3 ° 12.8°
Gp = +I], Gy = -9 57.7 ° lb.7 °
Null Gp = 0 = Gy !_0.6 ° I_.6°
The Ame_ high pr_msure air :;upply was utilized for cold Jet plln_e_
,_,._nating i'z'_,_ t,h,. (_rbiter t4l"J und '.:I_ nozzles. The: orbiter _:', ,ind :;P!/.
n_zzle:: h_ul ind,'l,tmd_.nt, _.(,ntrol:; Vr,r _eparate throttling oi" each ._y:::,em
,,t"n¢_Zz[t:S. ;H:P4_.;m;_'_m'.;ptumeu could b_: produced without geI_eratin_"
_,rblt,,.rpt_,.u but, vl(.e versa was not true. flume shapes for var[.z_:"
_4ach ncurlber:;w,.rr pro(iueed by _etting specific v_lues ofPc/PT for tke
¢,rbit,:r n(,zzlr:; cul,II'e/P,i,t%r the C;I<Mnozzles. Listed below are t'.'_e




NOZZLE M I> ,/l' Pr'/PT Pe/PT CONDITIOIt
2.5 .9158 nominal
SRM 1490 87.21
2.5 700 41.08 .4294 .47] nomina_
3.0 2686 73. ]3 .7679 nominal
_.0 2686 73.13 .7679 nominal
3.0 i440 39.20 .4116 .536 nominal
3.0 4030 i!0.0 1.15 1.5 nominal
3.5 6000 78.66 .8260 nominal *
3.5 33.[2 43.42 .1456 .552 nominal
3.5 8400 llO.O 1.15 ].4 nominal
OF,BITER 2.5 534 31..255 .3720 nominal
2.5 ;'51 ]4.72] .1752 .471 nominal
j.(l 987 26.86 .3]98 nominal
{.0 530 14.40 .1714 .536 nominal
3.0 1480 41.0 .480 ].5 nominal
3.5 ]820 23.86 .2840 nominal *
%.5 ]005 13.17 .1568 .552 nominal
' "_.', 309(] 4[.0 .494 ] 7 nominal
• []olid pLtmt(!,;av:L]lab l_ For t)li:;c',nd]t,]on
1975013278-028
...........................,_ ..................• ....................................• _l_
t
The lefthand wing panel was instrumented with a three-component
single flexure moment balance. The elevons of the lefthand wing __nel
and the rudder were each instrumented with a single flexure single-
component moment balance.
_e righthand orbiter wing panel was instrumented with forty (h0)
static pressure taps. A total of sixteen (16) base and cavit_/ ta[.s were
installed for use in correcting chord force measurements.
The orbiter _'S nozzles each had twelve (12) external static taps
:d. varioLm radia] and ]ong_tudina/ locations. The nozzles were rotated
to obtain a comp[ete pre:;sure survey around each nozzle.
25
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The following conJ'i[_uration components were tested:
Cump<,IL__:Jt J)_:['i _i tion
BIO _od_
C5 Canopy
i)7 Muxl i ]pul ;_.l,or hous i rig
]" ['_(_(]y I" l a.]JII
M 3 Orbit_,.l m:_cuver]ng subsystem (OM[3) pod
N (;ML;nozzle:;8
N9 Orbiter nozz]es
Ni0 ( fLUter pres._ure nozzles
NI7 Sl<r4 nozzles Moo = 0.9, 1.2
N] 8 _H.I'4 nozzle:_ M,_, = 3.0, 3.5
N ',3R_'! n_,:,,z] es (mi stoat ch )
29
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The following table summarizes integrated vehicle (OTS) configu-
rations investigated:
_uration DeseripOi on
[)1 Baseline 2A orbiter
BIG C5 I)7 F4 M3 _8 N9 V5 R5 W87 El8 XI0
02 i_aseline 2A orbiter with static taps on the three
MPS nozzles
blO Co D7 VI_ M3 N 8 N]O V5 R5 W87 El8 XIO
03 Same as 01 with top MPS nozzle blocked
04 Same as 01 with lower lefthand f_°S nozzle blocked
TI Baseline configuration 4 EOHT TI0
SI Baseline configuration 4 SRM SIoNI8
S_< Same as SI shifted forward 71 in. full scale SIIN30
C 3 Same as S] but with mismatched SRM nozzles SI0:129
SI_ Baseline 2A SRM $6N18
'l'he:;e:;ymbols are used "u_ a :;horth_md notation to design_'jte groups
of components on the Data Set/Hun Number Summary (Table lla.).
1975013278-031
TEST FACILITY DESCRIPTION
The Ames Research Center Unitary Plan Wind Tunnel 8- by 7-foot super-
sonic test circuit is a closed-return, variable-density, air-medlum facility
with a 16-foot-long test section. The throat has flexible sidewalls for
control of tunnel Mach number. The 8- by 7-foot tunnel uses the same
motors and compressors as the 9- by 7-foot circuit.
The tunnel is capable of attaining Mach numbers from 2.h5 to 3.50 at
Rey_lolds numbers from below 1.0 x 106/ft to approximately 5.0 x 106/ft.
Models are supported, in general, from stings mounted to a body-of-
revolution on a floor-to-ceiling strut system. Internal strain-gauge
balances are used for force and moment data, and pressure instrumentation
is provided.
Schlieren and shadowgraph equipment is available, as well as additional





The lefthand wing panel was instrumented with a single-flexure three
component moment balance. This balance was temperature compensated and
gave accurate measurements at all tunnel temperatures.
The two elevons on the lefthand wing panel and the rudder _ere each
instrumented with single component moment balances. These balances were
not temperature compensated and experienced large zero shifts during the
test. During any specific pitch or yaw run the zero shifts were negligible.
However, during a series of pitch and yaw runs the zero shifts happened
at a point that cannot be determined. The sensitivity did not change.
%he tabulated data for these components (CHEI , CHEo, CHR) are presented
and si,_uldbe used only for obtaining slopes of these measurements vs.
a or 8 and should not be used for defining magnitude of the moment load.




XCP _ EOHT station, inches (model scale)
Ascent vehicle total chord force coefficient (CA):
+ CA + CA + CA + C + C
-- Co %oHT CSRM
where :
N
CA =_ CA + CAboRBCORB CORB
w
CA =_ + CAbEoHTCEOHT CACEoHT
CA = - CA + C





102 (ACoRB_ _* Et - 101 CPt i
"-- ::--_i\_-_/CACoRB Ei = I01
204 _ACoRB_* ri = 201 CPi
'_ Zi 204 Cpi NO
CANoRB . + " 201 \S--_-F/T.i 204 WFI= 1
* Zi = 303 cPi CEOI!
CACEOHT El = 303
302 (ACEoH___i = 301 CPi
....3-:-C:bEOllT Zi = 301
* Zi = 103 Cp£
_^_- ,_.r°:_o3_ \_/
404_ [._._* r-i= 401
-CAbsR M = Zl =_04401WFI









20,El = 2 1
CAboRB I::L = 201
302 Cp£ AbEoHT£:1. = 301
C_°EOIIT £i 302- 301 NF_. SREF
404 Cp£ [AbsP.H£t = 401








Ascent vehicle forebody pitching moment (Clef):
i CMf C_r [ZboRB] [ZbEoHT]
_ " -CAboRB [_J -CAbEoHT [ £REF J
_..
- CAbsRH ['I'REF J- CAboHs LL_F J
! IZbo_N IZbACFSl
- CAbo_ N [ LREF - C_ACp S [ LREF J
Ning, base, cavity, and upper _PS nozzle pressure coefficient (Cpi):
Elevon hinge moment (Clle):
me I Ke I
u
ClleI q Se Ce (Inboard)
meo Keo
m
CHe0 q Se Ce (outboard)
ClleT = CHel + CHeo
vhere :
M° m raw cts
K ,', calibration factor(in.-lb/cts)
3:'
1975013278-036
luddar hinge moment (Clir) :
m_ Kr
Clir - q Sr Cr
! Wing banding, torsion, and load CP:
Convert raw data counts to in.-lb8: (basic slopes)
where:
u' = ray data cts
- calibration factor(in.-lb/ct)and i = gage number
KiJ J - order of tern 6f second "de.ares curve fit
mt . mI' KIt + (m_) 2 K12 (inboard sage)
u2 - m_ g21 + (u_) 2 K22 (outboard sage)
m3 - m_ K31 + (m_) 2 K32 (torsion gage)
Taking interactions into account:
"_"'_-LIN/_°_+_N4(°_)'-LIN/_" +iN/,(=,,
" "3- \_/'_ + (._)2-L\%/_"2+ (.2)2M3









D@term_ne loads and coefficients: I
M3
cs_ " q sw cw
CHW _
.. _ _ CW
xcPw xH_. cNw
Yc_ " YRooT+ cB-'_WbwCNW
Jet Plume Parameters (RPc(), RPe( )):
RPc( ) .. 144 PT
L tj
1975013278-038
The following reference dimensions and conztants were used:
Full Scale Model Scale
AbACPS 28.42 ft2 0.01026 ft2
AbET 572.56 ft2 0.2067 ft2
AbOMS 16.973 ft2 0.00613 ft2
AbOMSN 25.631 ft2 0.00925 ft2
• 226.75 ft2 0.08186 ft2
%ORB
Ab (S6) 512.465 ft2 0.185 ft2SRM
AbsRM(SIo) 183.01 ft2 0.0661 ft2
366.5 ft2 0.132 ft2
ACET
302.40 ft2 0.1092 ft2
ACoRB
181.378 ft2 0.0654 ft2
ACsR M
ANORB 141._ ft2 o.o511_t2
219.02 ft2 0.0791 ft2
ANsB24
a - -2.783 in.
bw 363.3hi in. 6.903 in.
Ce 90.7 in. 1.723 in.




fh[l Scale Model Scale
C 513.474 in. 9.756 in.
W
d - -ii._83 in.
I e - 0.0 in.
f - -3. 533 in.
g - -i0.533 in.
_,_f]F 1328.0 in. o .,7_
0
Se 210.0 ft- per wing 0.0758 ft2
panel
2, [06.38 _%2 0.038_ ft2
F
SW 1006.5 ft2 0.363 ft2
') O
SRE F 2690.0 ft_ 0.971 ft_
._ - o.s638 in.
XiiL !150.79 in. fI.[{65 in.
Yw - 0.1423 in.
YROOT [OS.O in. 1.995 in,
402.9_7 in. 7.05b in.
_bAcPS
_bi.:. ' 0.0 0.0
'" !,!',.%Oh in. 7.895 in.
"bO:._
g.bobt,j 4<'.94 in. 8.1_21 in. I
#
1975013278-040
Full Scale Model Scale
• 310.0 in. 5._!9 in.
_o_












K (ORB) = 1.060 (SRM) = 1.122
r
pe
['osLtive Ga_e Output Negative Gage Output
K 26.20 in. -Ib-v/mv 26.39 in. -[b-,/m
eI
K 27.05 in. -it-v/my 27.42 in. -ib-v/mv
O
K i)O.80 in. -ib-v/mv 20.885 in. -Ib-,,/mv
F
Kll 463. 1672 ; ,. -ib-v/mv 476.3954 in. -lb-v/mv
KI2 0.0 0.0
K21 436.8577 in. -ib-v/mv 4_7.4474 in. -ib-v/mv
K_o O. 0 O.0 I
II
1975013278-041
Posi tire Gage Output Ne6ative Gage Output




(_ml/_m2) 2 0.0 0.0
-.010562 -.004132
(_ml/_m3) I
(_ml/_m3) 2 0.0 0.0
(_m2/_ml)l 0.0 0.0





(Dm3/_ml) I .022277 .029935
0.0 0.0
' (_m3/_ml) 2
(_m3/_m2) I -.031554 -•03498
(_m3/_m2) 2 0.0 0.0
_! ORIGINALPAGE IS









MACMNUMBER (perunitlength) (pounds/SCl.ft .I , (degreesFahlenheit)
2._8x loG/ft _9o 12o2.5
_.O 2,30 x lob/ f_ 375 IPO
3.5 1,78 x 106/ ft 245 ]PC)
, J
BALANCEUTILIZED: 2,5-inch_Ta_k MK ]_I
COEFFICIENT
CAPACITY: ACCURACY: TOLERANCE:
fwd NF lhOO ibs ± .5%
fwd SF 700 ,ibs _+.5%
AF 260 ibs + .5%
aft NF 1400 ib@ _+ ,5_ ,
aft SF _ ± -_
RM -_ _ •5_ .
COMMENTS:Model was _Iso instrumented with: elevon and rudder hinge



























TABLE IIl. MODEL COMPONENT D..M_NSIC.._, DATA
I mOEL COMPONENT: BIO - _y ....
GENERALDESCRIPTION: Fuselage, 2A Configuration,I-irhtwetph_, Orblterper
ii i in i i , i i i
RockwellLinesVL?O-O00089"a".
III ) • i ill ) rill _ ii
, I i , , | i i #,, , , • , i





Length -_ in. 1328.3 25.23.8 ,
I_lx. Wldth._Ln. (OXo = 152_.3) 26_.0, .5:u3S ,
Max. Depth -'-- £n. ('_XQ= lJ,eo.5_) _._.b . _,.71:_
F|neress Ratio 5.o17 5.o12
I
Area -_ _t.2











GENERALDESCRIPTION: Orbiter Canopy for Light.Weir,ht Orbiter Configuration
J




OIMENSIONS: FULL-SCALE MODEL SCALE
STA. D_. _llkhead, in _9_.O 7._27
STA. 'r.E., in _ • lO'&U
Canopy/Body Intersection,IN _9].O 7._29
1975013278-056
TABLE III.- Continued.
MODELCOMPONENT: D7 - Manipulator HousinE .......
• GENERAL DESCRIPTION: 2A Configuration Per Rockwell I.inesVL70-0(09093i
,,, . | | , ,
II | m
Scale Mode] = 0.019
i
e
DRAWING NUMBER: VL70_00(093; SS-A-00092
J , •.
DIMENSIONS: FULL-SCALE MODELSCALE
Length -"in. 891.o . 16.739
Max. Width "_in. 51.0 0.969
Max.Depth_.in. 23.O __ 0_&37
FinenessRatio , - -
Area







WP = 500.0 INFS




iTABLE iII. - Continued.
MODELCOMPONENT: F,_Bo,t_,_':;,_D.
GENERAL DESCRIPTION: ,,c,_3o_, Flap Used on Li._,ht,,c,;ir?._.Cri;.i.t.;m3onfir_watio.-, J __
Model Scale = 0.O]9
DRAWINGNUMBER: VI,-70-()OOOg&"A", SS-A-O(X)92
DIMENSIONS: FULL-SCALE MODELSCALE
Length, in _&.70 1.609
Max.Width,in 265.oo ,,_.o'_
Max.Depth - -
FinenessRatio - .. -
Area,Ft2
Ma_,Cross-Sectional _ .- -..
P)anform ILP..6A _, O.OSIL9
Wetted - -




MODELCOMPONENT: HI - OHsPOD
GENERALDESCRIPTION: 2A Light,,_ight Orbiter Copfiguratio q per Ro_:k_(ei!-'_nes
VL?O-OOgO?4"A"
Scale Model = 0.019
DRAWINGNUMBER" VLTO-O000% "A";SS-A-00092
DIMENSIONS: FULL-SCALE MODEL SCALE
Length _.- in. 346.0. 6.57h
Max. Widths--in.-_Xo 1_50.u , 108.0 ,. _2.0}2
Max. Depths--in._ Xo 1500.o 1.13.__
FinenessRatio - -
Area





7o = 463.9 INFS: IP4oO + 63.9 = 463.9 INFS
Yo = 80.0 INF3




_" MODEL CO!,ff_O_Zk_': _ N_.OZZ.L__;S-- ][____.
GENERAL DZSCRIiq'ION: Basic OMS nozzle of configuration 2_ per 2ockwell Lines
VL70-OO8306 and VLTO-OOOO89"B". Tntersection of nozzle exit _lsne and
i nozzle centerline at Xo = 1570.75, Yo = J99.25, Zo = 507.25
i MODEL SCALE = .019
DR_CWII_:]NO. VL70-008306, VL70-OOOOS9"B", SS-a00092 _
i DImiNSIOi_ r uj,],__c-!L,_! !!ODE_L SQA!.,j_
K_ch No.
l,c:)gth._ in.
Gi_e.,balPoint to Exit Plane I
Thrc_t to Ib:it Pl_ne _ i
Diameter-_ in. i
_t ___o.oo o.9.19_....
Throat ;i/A N/A i




Exit 13.635 0.O0493 ' i
Throat
Gimbal Point (station) _,in.
X 1518.0 28. 842
-_-88.0 i.672
y
OF pOo_ _ ............
,_ Ntull Position --deg.
!, I
; P_t_h _l._°___9,..... _5°_9'




TABLE III. - Continued
MODE],CO_._Oh_NT: _F/S NOZZ_LF__- N 9
I
GENERAL DESCRIPTION" Orbiter nozzles used £or_9old R_lumesim__tlon &t_M_= 0,9, .....
........1.2_ 1.55, 2,Q, 3:0 a_n!_3.5. _All (3) nozzles &re mo.wnte_dto ball sockets _
with gimbal angles of +11o pitch &nd +9° y_w from null.
MODEL SCAIZ = .019
DRAWING NO. SS-AOO092; SS-A00095
DI,_HS!O_$ FULL SCALE MODEL SCALE
M&ch No. 0.9 thru 3.5
Length _ in.
Gimbal Point to Exit Pl&ne
Throat to Exit Plane
Diameter _ .in.
Exit 90.730 ...... 1.72@8
Throat 28.126 O.53&A
Inlet _ 0.709&









X l&_ .9 27.89O
y ---f_/7o--_ I;oo7




Yaw -. O" 0°
Lower Nozzles
Pitch I0° lO°
Yaw (outb'd) _____ 3._o
57
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%, TABLE III. - Continued..
: MODEL CO_O_l_: ......._S NOZZLE_- NIO I/
GEIgERALDESCRIPTION: Same as N9 except each nozzle has (12) external static
pressure taps on their surfaces
MODEL SCALE = .019
DRAWI_3 NO. SS-AOOO92, SS-A00095
DIMENSIONS FULL SCALE MODEL SCALE
Mach No.
i Length _ in.
Gimbal Point to Exit Plane


























TABLE III. - Continued.
MODEL COMPONT_NT: NOZZTLES- NI?
GENERAL DESCRIPTION: BSRM N£_zle (@N- 11°) used for c__.__£1dJet _!ume simulation
at M = .9 and 1.2 (C = 7.O)
_DDEL SCALE = 0.019
DRAWING NO. SS-aOOllO
DIMENSIO_ FULL SCALE MODEL SCALE
Mach No. .9, 1.2
Length _ in,
Gimbal £oint to _iit Plane
Throat to Exit Plane
Diametex _ in./Nozzle






Gimbal Point (station)_ Jn.
X 2338.790 A&.A39
y +2&3.000 _+4.617
Z , _OO.0OO 7•6OO




!i TABLE III. - Continued.
t,MODEL COMPONENT : NOZZI,F_ - N 18
GENERAL DESCRIPTION: BSRM Nozzle (@N = 24.4°) used for c01d ._et plume _tlon
at M= 3.0 and M = 3.5
MODEL SCALE, = .019
DRAWI_ NO. SS-AOOIIO
DIMENSIONS FULL SCALE MODEL SCALE
M_ch No. 2.5, 3.0, 3.5
Length~ in.
Gimb_l Point to Exit Plane
Throat to Exit Plane







! Gimb_l Point (station) _+in.
X 2338.79c _A.&37!b
_ y +243.000 _+&.617
z &oo.ooo 7.6oo
i Nt,ll Position_.d_g. 1 '
Pitch O° 0°
f Yaw _;0 O° O°
1'
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'I'A_L_ III. - Contl,aed.
MODEL COMPOE_ : NOZZL_ - N29
GENERAL DESCEiPTION: BSRM N£zz_es mls_mL_tchedo@ left and ri_t side, i.e..lef_
nozzle contour and location same as N18 and right nozzle contour and locations
_me as N17 (( = 7.O)
MODEL SCALE = .019
DRAWING NO. SS-AO0110
DIMENSIO_ _F'JLLSCAU: MODEL SCALE
Y_ch No.
Length --in.

















TABLE III. - Continued.
MODEL COMPONENT: NOZZleS - N3_[_
GE_2_L DESCRIPTION: BSRM Nozzle same as NI8 except moved fo_rd 71" full esale.
Gimb_l point also moved forward 71". Used for MAch No. 's 2.5, 3.0, and 3.5
(_ = 7.0)
M3DEL SCALE = .019
DRAW_ NO. SS-AOOnO




G_l Point to Exit Plane
















_m/_E ___r _'_'-_¸ _,_.__._._._ ...... ,,,. ,... _,r...... _ I
! TABLE III. - Contil _ed.
MODEL COMPONENT'.,VERTICAL- V5 (Li_.htWt. Orblter Conti_ration}
I GENERALi)ESCRIPTION:..Cen_.erl,l.neV Ptlea] Tail. I)ouble Wc_() Airfoll _clth
Rounded Leadln_, Edge-- llllUl I I I I I • I nlninto
¢ _ e ii . i . I . a,l L iii . e I i _ i
Model Scal.e= 0 017 l,m _ • i • i i ,i m, ,u
i DRAWINGNUMBER: W_-70-00O095:SS-A-(X)OO2
DI__ENSIONS: FULL-SCALE MODEL SCALE
ml . • ,-
TOTAL DATA
Area (Theo) Ft2 _i_.25 o.ILO2
P]anform ......
Span (Theo) In '3_5.7c s.?o?
Aspect, Ratio 1.67s 'l,AT_
Rate of Taper O.5u7 O._?




O.Z5 ElementLine _i.f._.O., l,l.]3u
._..or_; Inches
Root (Theo)WP _ 5.1u?
Tip (Theo) WP 108./,7 2.o(;1.... _
MAC 199.P.1 _
Fus. Sta, of .25 MAC 'Ii;,'6_._c_ 27.8U?
W. P, of .25 MAC _5.s2 . .,12.075
B, L. of .25 MAC ....0 0 O.U
AIrfoilSection
LeadingWedge Angle"-Deg I0.OOm
TrailingWedge Angle_ Deg _
LeadingEdgeRadius,IN 2_.0o . o.(__
Vold Ar_a_Ft2 13.17





MODELCOMPONENT: R5 - Rud,ler
GENERALDESCRIP,ION: 2A Conflguz-atlon._e r Rockwell Lines VL 70-000095.
ScaleModel= 0.01_
DRAWINGNUMBER: .VL70-000095 SS-AO0091, "92
DIMENSIONS: FULL-SCALE MOD[LSCALE
Area -_ pt2 l!__Q___ ..0.0_, ..
Span (equival ent)-_ IN 201.0 3-819
Inb'd equivalentchord,11; 91.5P.5 1.?I,0
Outb'dequivalentchord, It; 50.R3] 0.966
Ratio _ovable surface chord/
total surface chord
At Inb'dequiv,chord OJ,O0 0.400
At Outb'dequiv,chord _O,z,O0 O.Zi00
Weep Back Angles,degrees
LeadingEdge ._j_._._ .3&.83
Tailing Edge 26.2) 26.2)
Hinge1ine ]_.W) . )_._
Area Moment (Normal to hinge line)_3 . 526.1) 10.00)61
(Product eC Arv,_ ,_nl r.!_:anChord>
19750] 3278-068
j TA]{LE [[I. - Co[.cluded.
MODELCOMPONENT:_ WING-W_7 .LIAhtwei£htOrb_.ter i • .
GENERALDESCRIPTION:OrbiterConflzuuratior,per Rock-well Lines VL?O-OQ(_O]
N(TrZ: (DihG_Lral angle i3 defined _T. the lower
............. __urf=eP_ e_f th_ WJJ2p: _t thai 7_._t_ " jfelement TLtne ..... •
, projected into a _lane,perpendicular to the FP.L.'_ in |i • L ,|
Scale MOdel = 0.019 ........... _






Span (Theo In, _ I7.797
Aspect Ratio _ 2.26_ i
Rateof Taper "_TTJI)-_" -i.177
Taper Ratio _ " 0.;:00
DihedralAngle,de_rees _ 3.500
Inci,lenceAngle,degrees _ . _.0_ .
AerodynamicTwist, _egrees "_ .+_.0_
Sweep Back Angles,degrees
Leading Edge hS.000 _5.050
TrallIng Edge .tO,2_ -IO.2L"
0.25 ElementLine _. ].5.2C9.
Chords: _ I)_'
Root (Theo)B.P.O.O. 689.2& 13.o96_
Tip, (Theo)B.P. _ 2.619
MAC _ 9opl
Fus.Sta. of .25MAC "rI'_lT:'._n)"-- 21.601
W.P. of .25MAC _'__ 5 6P5
B.L. of .25MAC __ 3.:,F,v_
EXPOSED DATA
'" Area (Tneo ) Ft2 1752.29 _0.633





Tip l.O0 b 1]7:B5
MAC 393.03 _ ?.a6_
Fus. Sta. of .25 MAC I185.31 _2._2!
W.P. of .25 MAC et_.2o ., _.704 _
B.L. of .25 M_C 2s'l.?& ,4,783
AirfoilSection{RockwellModNASA)
XXXX-64
t/c ,_Rootb - o._,2_ 0.I0 0.I0
b - 0.12 0.12
_c _Tlp_ 1,00 .... --
Data for (1) of (Z) Sides
LeadingEdge CufftzPlanformArea , 120.3] o_,_, p_
LeadingEdge Int:_rsectsFus M, L. (I Sta =_u.o
LeadingEdge IntersectsWing @ St_ .J_
197S01.zp7R_n o
TABLE Ill. - Continued.
s
. MODELCOMPONENT: F__8- Elevon
GENERALDESCRIPTION: 2A ConfiBuration Per W-87 Rockwell Lines VL70-000093
Data for (I)o£ (2) Sides
i , •
ScaleModel = 0.019
DRAWlNG NUMBER: VL70-0OOO93; SS-A-OOO92
DIMENSIONS: FULL-SCALE MODELSCALE
Area ..,.. F,t2 20_. _2 0.0742
Span (equivalent)_,-in. _53.)L, 6.?i_ .
Inb'dequivalentchord(B.P.llS.0in),in ii/+.78 2.181
Outb'dequivalentchord (B.P.L68.3in),in 55.00 l.O&5
Ratio_mvablesurfacechord/
totalsurfacechord
At Inb'dequiv,chord 0.2o8 0.208





Hingeline(xj1337" n _ )
Area Moment(Normalto hinge line) Ft3 .,itSL8.07 0.01062
Product of Area Moment
NOTE: The elevon panel consists of an InBD and OutBD segment. The






TABLE III. - Conti_ued.
MODELCOMPONENT: S6 - Booster Solid Rocket Motor
: GENERALDESCRIPTION: Booster Solid Rocket Motor (Light Weight Orbiter
Configuration) body of Revolution.
Data for 1 of 2 sides|i
Model Scale = 0.019
ill ,, |, , |
DRAWING NUMBER: VL-72-0(0)061 _C' ; VI.,.-77-0(0)012'B' ; SS-A-O(X)g&
n u , ,,
DIMENSIONS: FULL-SCALE MODELSCALE
Length (Includes Nozzle), IN 1741.0 33.080
Max. Width (Tank Dia.), IN l&2.0 2.698
Max.Depth(Aft Shroud), IN 2_9.0 &,921
1







W.P. of BSRM Centerline, (Xt) , IN &O0.O 7.600




Model Component: Solid Rocket Motor (S10)
General Description: Booster solid rocket motor, body of revolution
Data for 1 of 2 sides
Model Scale = 0. 019
Drawing Number: VL77-000039
Dimensions : Full-Scale Model Scale
Length (includes nozzle), in. 1741.0 33.080
Max width (diameter), in. 142.0 2.698
Max depth (aft shroud 192.0 3. 648
diameter), in.
Fineness ratio 9. 0677 9. 0677
Area - ft2




WP of BSR/V[ centerlhle, 400.0 7.600
(XT), in.
FS of BSR,k4 nose, (XT), in. 743.0 14.117
1975013278-072
TABLE III. - Continued.
Solid Rocket Motor (SII)Model Component:
General Description: Booster solid rocket motor; body of revolution; data
for I of 2 sSdes. (See Figure 11.) Same as $I0 except shiftedforward
71.0 inches fullscale. Model Scale = 0.019
Drawing Number: VL77-000039
Dimensions : Full-Scale Model Scale
Length (includes nozzle),in. 1741.0 33,080
Max width (diameter) in. 142, 0 .......2,698
Max depth (aftshroud, dia) in. 192.0 3.648
Fineness ratio 9,0677 9, 0677
Area - ft2




WP of BSRM centcrline,
(XT) ' in. 400.0 7.600
FS of BSRM nose (XT) , in. 672.0 12.768
69
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i TABLE III. - Continued.
:! MODELCOMPONENT: TlO External Tank [' !
ENERALDESCRIPTION: External OxygenHydrogen Tank
[ .
Configuration to which the Orbiter and the lh_o Solid Rocket Motors attach
Bod_ Of revolution ,..
Model Scale = 0.019
.D..RAWI,NGNUMBER: VL-70-000088 VL-Ta-OOOOA&
: DIMENSIONS: FIJLL-SCALE MODEL SCALE
Length, IN (Nose @ Xt = 309.0) 1865.0 3_._35
Max. Width (Dia.), IN _2_.0 .6.1_6
Max. Depth - -
Ft neness Ratio 5.75617 5.75617
L u II 1
Area 1%2
Ma_. Cross-Sectional _72._6 O.2067
Planform , • - -
Wetted - - i
Base - -
; . | l • lll l







QF INCI[.-)eNC, E (_.] OF. FINED




+ CH_ " __'_o_
Rudder Deflection Angle (fir) Defined
PLANE
a , i m
e. Elevon Deflection Angle (6 e) _ftned

















This plane is parallel to the ]nozzle base plate. All gimbal Nozzle Fitch .
smiles are set and measured o Plane (s_Med)
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-F-'- e. l"h- l_ody ["I_.[_




g. _ PoD B A_.._E
_r,_r_c PR_._uR# _P loc_r'_o_vs




Fi/i_Ir- . - _mtinueq.
,'If, I
1975013278-088
MOTEt SKETCH DIMENSIONS ARE INCHES
MODEL SCALE
_ 2.1178




I )'_- 0.46752.42 _ I _r f
X - INCHES FORWARD OF EXI_ PLANE X " 0
X/r* r/r* X/r* r/r*
0 3.2257 (EXIT PLANE 3.6999 2.5393
0.1097 3.2107 3.9169 2.4828
0.3365 3.1793 4.0378 2.4525
0.5879 3.1430 4.1718 2.4165
0.8660 3.1010 4.3215 2.3754
1.0101 3.0786 4.486_ 2.3286
1.3342 3.0258 4.6980 2.2665
1.6437 2.9727 4.8990 2.2055
1.8428 2.9368 5.0303 2.1639
2.0992 2.8892 5.1969 2.1104
2.2421 2.8615 5.3945 2.0442
2.4012 2.8301 3.6396 1.9585
2.5782 2.7942 5.7848 1.9053
2.7743 2.7530 5.9188 1.8552
2.9918 2.7058 6.1246 1.7754
3.1995 2.6591 6.3593 1.6796
3.4008 2.6123 6.5565 1.5954







_. Nozzles N 9 and NI0
1975013278-089
20_ _'_' 3-' 3o
18 31 NOTES:
19
• DAV G m 71.0 "
8 X/D TAP
(DE G } . NO. DL/DAv_
0 .058 1,13,25 1.2817
30 .928 2,14,26 .6789
60 .753 3,15,27 .8592
90 .580 4,16,28 1.0141
120 .406 5,17,29 1.].479
150 .232 6,18,30 1.2324
180 .058 7,19,31 1.2817
210 .928 8,20,32 .6789
240 .753 9,21,33 .8592
270 .580 I0,22,34 1.0141
300 .406 11,23, 35 1.1479
330 232 12,24,36 1.2324
• c>rbit,er r4oz:_l_,;:0,'_'e:_m'. Ori£[ce Locations
i"i;.Ture _'. - ,'ont [ hue4. 1I
1975013278-090
NOTE: •DIMENSIONS FOR MODEL SRM
NOZZLE TO SIMULATE M m 3.0,
3.5 CONDITIONS
_CALEs 0.019
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Nozzle Pressure Data B-1
(For Wing Pressure Data - See Volume III)
Tabulations of plotted data are available
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